Editor's key points † Checklists promote recollection of recommended steps or actions, overcoming lapses in memory and attention. † Clinical team participation in a checklist procedure should enhance communication. † Checklists are a tool, not a replacement for adequate training and supervision, vigilance, and teamwork. † The consistent relationship between checklist use and better outcomes probably indicates direct (causal) and indirect beneficial effects.
It is estimated that more than 230 million patients undergo surgery worldwide each year, with mortality rates reported to be between 1 and 4%. 1 -3 Variations in mortality between hospitals suggest both the potential and the need to improve outcomes resulting from preventable adverse events. 3 -9 Consequently, there is increasing focus on improving the quality of perioperative care to minimize adverse events, and hence postoperative mortality. The World Health Organization (WHO) surgical checklist is a simple intervention designed to reduce error rates during surgery and anaesthesia. 10 By improving communication within the surgical team, checklist use may improve hazard detection, leading to meaningful improvements in patient safety. 11 12 The first report of the use of the WHO surgical checklist was a cohort study, in which implementation was associated with a decrease in adverse event rates from 11 to 7% and a reduction in mortality from 1.5 to 0.8%. 10 These preliminary findings were consistent with subsequent studies, with reports of reductions in adverse event rates 13 14 and mortality. 13 -15 Checklists improve teamwork and communication in the operating theatre, which may be one explanation for improved patient outcomes. 16 These improvements in outcomes may also result in economic benefits. 17 Despite the strong arguments in support of surgical checklist implementation, there is anecdotal evidence of wide variation in use between hospitals and nations. However, there have been no international epidemiological studies of surgical checklist use, or associated mortality, to confirm or refute this proposition. The aim of our study was to describe the prevalence of surgical checklist use in patients recruited to the European Surgical Outcome Study (EuSOS), 3 and to establish whether there is any relationship between reported use of a surgical checklist and subsequent hospital mortality.
Methods

Data collection
This was a secondary analysis of the European Surgical Outcome Study (EuSOS) data set. 3 The EuSOS was an observational study including all patients aged 16 years and over undergoing non-cardiac surgery in participating hospitals during the 7 day cohort week between April 4 and April 11, 2011. Patients undergoing planned day-case surgery, cardiac surgery, neurosurgery, radiological, or obstetric procedures were excluded. A paper case record form was completed for consecutive eligible patients. This was then anonymized before data entry onto a secure Internet-based electronic case record form. Patients were followed up until hospital discharge for data describing hospital mortality, censored at 60 days after surgery. We assessed data for completeness and then checked for plausibility and consistency with prospectively defined ranges. As part of the prospective data set, investigators were asked to record whether a surgical checklist was used in the care of each individual patient. No other details were requested regarding how the checklist was used. Ethical requirements differed by country. In Denmark, centres were exempt from ethical approval because the study was deemed to be a clinical audit. In all other nations, formal ethical approval was obtained. Informed consent was obtained from patients where required by local research ethics committees. A list of participating hospitals and full details of the methodology of the study can be found in the original publication. 3 To improve data quality, the primary analysis was performed on a data set that excludes sites with ≤10 patients and sites above the 95th centile for mortality. A sensitivity analysis was conducted on the entire data set.
Statistical analysis
The mortality outcome was defined as death in hospital within 60 days of surgery. 
Results
The EuSOS database consists of 46 539 patients from 498 hospitals. Of these, 45 591 patients from 426 sites were included in the primary analysis, with an overall hospital mortality of 3.0%. Baseline data are presented in Table 1 along with the likelihood of exposure to a surgical checklist according to these factors. There was wide variation in exposure to a surgical checklist according to baseline characteristics. The overall prevalence of surgical checklist use in this population was 67.5%, but there was marked variation between countries from 0 to 99.6%. There was no clear relationship between patterns of checklist use and mortality rates in individual countries ( Fig. 1 and Supplementary Table 1 ). The use of a surgical checklist was associated with a lower crude hospital mortality (OR 0.84, CI 0.75 -0.94; P¼0.002). This effect was strengthened after adjustment for baseline risk factors in a multivariate regression model (adjusted OR 0.81, CI 0.70 -0.94; P,0.005). To account for the effect of variation within countries and hospitals, we then constructed a three-level mixed model ( Table 2 ). The findings of this analysis suggest that exposure to a surgical checklist is associated with lower hospital mortality (adjusted OR 0.71, CI 0.58 -0.85; P,0.001). In a sensitivity analysis including all patients in the original EuSOS cohort (i.e. not excluding sites recruiting a small number of patients or those above the 95th centile for mortality), the equivalent three-level generalized mixed model was constructed, with similar findings (Supplementary Table 2 ). Exposure to a surgical checklist was associated with lower crude hospital mortality (OR 0.64, CI 0.59 -0.71; P,0.001), although this effect was reduced after adjustment for confounding factors (adjusted OR 0.88, CI 0.77 -1.01; P,0.06). Whilst mortality after surgery increases with more urgent surgical procedures, the apparent protective effect of the surgical checklist remains, regardless of the urgency of surgery (Supplementary Table 3 ).
Discussion
The principal finding of our study was that there were wide variations in exposure to surgical checklist use between European nations. Exposure was associated with a lower hospital mortality after adjustment for risk factors, which may differ between hospitals and countries. Overall, only two-thirds of patients who underwent surgery in this study were exposed to a surgical checklist. The findings of a sensitivity analysis including all hospitals were similar, although the observed effect of the checklist was weaker. It is unclear whether these observations relate to a protective effect of the surgical Table 1 Baseline data describing differences in exposure to a surgical checklist. Odds ratios with 95% confidence intervals (CIs) were constructed for use of surgical checklist using multivariate logistic regression analysis, adjusting for age, ASA class, urgency of surgery, grade of surgery, surgical speciality, and the presence or absence of co-morbid disease. COPD, chronic obstructive pulmonary disease Surgical checklist use in Europe checklist itself or whether this is merely a process measure reflecting higher quality of perioperative care. The surgical checklist has been widely adopted in nations of differing economic status. 12 This hospital-level intervention cannot be studied in a simple randomized trial, and we must therefore depend on alternative methods of health services research to test the effects of exposure to a checklist, in particular, associations with mortality. The original report by Haynes and colleagues 11 described a simple cohort study of cluster trial design, suggesting that the checklist was associated with a reduction in postoperative mortality. Whilst these findings were the subject of debate, the outcome of two subsequent studies, a cluster trial and a retrospective epidemiological study, both from The Netherlands, also indicated an association with improved mortality. 14 15 A prospective study in orthopaedic patients did not show any association with reduced mortality, but suggested that early education and system change can increase accurate use and staff perception of the checklist. 18 There are, however, a number of reports that do not include mortality data, and it has been suggested that this may represent reporting bias. 12 Our study makes an important addition to the literature not only because it includes by far the largest number of patients, but also because this is the first study to allow comparison of checklist use and effectiveness in different health-care systems. This allows us to account for differences in national and local health-care policies. Our effect estimates are consistent with those reported in a previous systematic review (OR 0.57, CI 0.42 -0.76), although the authors also describe significant heterogeneity of the literature, making interpretation difficult. 13 The findings of a further systematic review also suggested an association between checklist use and reduced mortality, and the authors noted that none of the component studies described any adverse effects on patient outcome. 19 The surgical checklist appears to be a low-cost, effective method that need not adversely affect operation room efficiency. 20 Other studies suggest a reduction in health-care costs associated with this intervention, presumably as a result of cost savings through reduced postoperative morbidity. 17 21 The introduction of a surgical checklist to the operating theatre environment appears to improve communication and teamwork within the multidisciplinary team, which in turn is associated with improvement in postoperative outcomes. 16 22 However, the assumption that introduction of a checklist improves communication in the absence of change in organizational structures has been questioned. Effective implementation of the surgical checklist requires strong clinical engagement with adequate staff training. A failure to do so may result in poor compliance or poor record keeping regarding checklist use. 23 In a recent study from Canada, the government-mandated implementation of a surgical checklist was not associated with a decrease in mortality. 24 This prospectively collected data set provides a unique opportunity to evaluate the effect of the surgical checklist on hospital mortality. However, our analysis also has some limitations. The EuSOS was a 7 day cohort study of just under 500 hospitals in 28 European countries. The study design was necessarily pragmatic and not designed specifically to provide data on checklist use. We did not collect detailed data describing checklist implementation, such as the type of checklist used, duration of use, or the approach to implementation. Consequently, this analysis cannot confirm whether the observed pattern of mortality is the direct result of the checklist itself or simply a feature of hospital processes which identify patient care of a higher quality. Data were collected during 1 week in April, which could mask the possibility of seasonal variation in outcome. The findings of the primary EuSOS study have been widely debated and subject to some criticism. 25 -32 In some countries, the findings appear to differ from those from alternative data sources. In common with most registry data, it was not possible to undertake source data verification; hence, we cannot provide any measure of the quality of data collected. However, we also note that the findings of several retrospective analyses have suggested that our data have face validity, in particular after exclusion of hospitals returning very small numbers of patients. 33 One explanation for the high mortality in the parent study may be that investigators made a particular effort to include major or complex surgery, with the result that low-risk surgical procedures were underrepresented. This would explain the high mortality on the one hand and the face validity of the data on the other. As in all epidemiological studies, the approach to hospital inclusion and patient sampling will influence the results. This could explain differences in the prevalence of checklist use between our work and other national studies. 34 35 It is also important to note that the simple prevalence of checklist use may not represent how carefully and effectively the checklist was used for individual patients. 36 37 Compliance with policies for checklist use may be lower than indicated by administrative data, 37 38 which may overestimate the true prevalence of 35 One factor that may influence compliance with checklist use is the urgency of surgery. It is interesting to note, therefore, a similar pattern of findings associated with checklist use in the EuSOS cohort regardless of the urgency of the surgical procedure.
Conclusions
The findings of this analysis suggest large variations in prevalence of surgical checklist use between European nations for patients undergoing inpatient non-cardiac surgery. Exposure to a surgical checklist was associated with reduced hospital mortality after adjustment for a range of other risk factors in a multilevel statistical model. This observation may represent a genuine protective effect of the surgical checklist itself, or alternatively, this intervention may be an indirect indicator of quality of patient care.
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